Abstract. This paper describes a new occurrence and location of the green shield moss Buxbaumia viridis (Moug. ex Lam. & DC.) Brid. ex Moug. & Nestl. in the Białowieża Forest. One sporophyte was found on a decaying spruce log. However, its existence and the present environmental conditions of the site are threatened by the death of spruce trees. The dying of the spruce trees is expected for the near future and will lead to altered shade conditions impacting on the shield moss.
Introduction
In the flora of Poland, the genus Buxbaumia is represented by two moss species, that is, green shield-moss Buxbaumia viridis (Moug. Ex Lam. & DC.) Brid. ex Moug. & Nestl. and bug-on-a-stick Buxbaumia aphylla hedw. (ochyra et al. 2003) .
Until recently, within the Białowieża Forest, only the occurrence of B. aphylla -the species prevalent in lowland Poland -was observed, where it grows on mineral soils in pine forests (Szafran 1957 , Atherton et al., 2010 .
in contrast, Buxbaumia viridis occurs rarely in Poland, mainly in the carpathians and the Sudety mts., as well as in Poland's lake districts (Szafran 1957; Szmajda et al. 1991; Chachuła, Vončina 2010; Hajek 2008 Hajek , 2010 Hajek , 2012 . The species was also reported from the Świętokrzyskie Mts. (Stebel et al. 2013 ) and the Roztocze Region (Fudali et al. 2015) . In the Białowieża Forest, it was found only once (management unit 250D) (Szczepaniuk, Kucharzyk 2016) . B. viridis grows on decaying wood (mainly spruce and fir, sporadically beech), and it rarely occurs on humus and mineral substrates (Hajek 2012; Vončina 2012) . This species, in addition to the appropriate soil, requires specific habitat conditions, that is, high and constant air humidity, which is why it prefers shady forests, slightly transformed as a result of forest management (Hajek 2012; Kozik, Vončina 2012; Vončina 2012) .
B. viridis is vulnerable to extinction both in Poland (Żarnowiec et al. 2004 ) and throughout Europe (Schumacker, Martiny 1995). In Poland, it is subject to strict species protection (regulation 2014). at the European level, it is also protected as the species included in Annex II of the Habitats Directive (Directive 1992) .
the present study aimed to compare the newly discovered site of Buxbaumia viridis with those considered typical for this species, as well as to determine site threats and its protection prospects.
Methods
the report on the newly discovered Buxbaumia viridis site within the Białowieża Forest -located in the landscape reserve (Rezerwat krajobrazowy im. Prof. Władysława Szafera), forest management unit 448D (WGS 84: 52.696 ° N, 23.772 ° E, approx. 170 m ASL) -was prepared in May 2016, based on the study by Vončina (2012) . The decomposition stage of deadwood, where B. viridis was found, were assessed in line with the scale proposed by Zielonka (2006) . Scientific classification of moss species observed was based on ochyra et al. (2003) . the stand layers were distinguished consistent with Mueller-Dombois and Ellenberg (1974).
Results
In May 2016, in the Białowieża Forest, the next (second) site of Buxbaumia viridis was found -with one sporophyte of this species. The specimen grew on a decomposing (6 th stage) spruce log, about 60 cm thick. Over 90% of the log's surface was covered by a single-layered, loose cover of mosses. In the immediate vicinity of the sporophyte, grew the Silesian Feather-moss Herzogiella seligeri (Brid.) Z. Iwats. and hypnum moss Hypnum cupressiforme Hedw. Potential B. viridis sites, that is, other dead logs lay 20-30 m away. The observed position was located on a hillside, gently sloping towards the north-west slope of one of the kames covered with Tilio-Carpinetum typicum, with about 10% spruce share (as observed in 2016). The age of the stand, where B. viridis site was discovered, was 157 years (according to the forest management plan). in the place of species occurrence, the total canopy cover accounted for 60%. The density of the stand's first floor was 40%, and that of the lower layer was 20%. The coverage of shrub and undergrowth layers was 20%. the total coverage of tree, undergrowth and shrub layers was 70%. In the immediate vicinity of the discussed moss site, there were numerous gaps, formed due to spruce dying/falling down, which resulted in a large diversity of microhabitats. at the same time, with the progressive decline of the upper storey of the stand, a dynamically growing, several-meter-tall hornbeam and spruce regeneration was observed. Even in the case of decline of so far enduring spruces, the coverage of trees/shrubs layers around the Buxbaumia viridis site should not fall below 50%.
the B. viridis site observed was located within the area where currently no forest management is carried out. on the other hand, in the immediate vicinity of the site, there were observed traces of tree felling operations (individual stumps), performed at least a dozen or so years ago.
In November and December 2016, no sporophytes of Buxbaumia viridis were found on the site discovered in may 2016.
Discussion and conclusions
the Buxbaumia viridis site reported from the Białowieża Forest differs in terms of the terrain from other sites of this species -usually found in ravines, erosion valleys, slopes, and so on. (Hajek 2010; Vončina, Chachuła 2012; Vončina 2012; Zarzecki 2012) . The other site of B. viridis -earlier observed in the Białowieża Forest (Szczepaniuk, Kucharzyk 2016), was found within relatively flat terrain. Therefore, the microclimate at both B. viridis sites in the Białowieża Forest is mostly shaped by forest stand conditions, and the disturbance of the stand stability can have a negative impact on the population of this valuable moss species.
at present, the principal threat to the above described B. viridis site is progressive breakdown of the spruce stand growing around, which is directly caused by the European bark beetle outbreak. Nevertheless, the process of spruce dieback observed is coming to an end, and in the perspective of the next few years, an increase in ground shading is expected -as a result of the hornbeam undergrowth development. Even though current stand microclimatic conditions have been adversely affected by spruce vanishing, in the long-term perspective, this can have a positive effect on the B. viridis population, in view of an increased availability of deadwood providing microhabitat for this species in the next dozen or several dozen years.
The flora of the Białowieża Forest, and especially that of the Białowieża National Park, is one of the most studied/ well-known subjects in Poland. On the other hand, however, B. viridis specimens as a rule occur individually (hardly ever in larger numbers), are of small size, and are not found at the same site every year (Stebel 2004; Vončina 2012) . These factors may be the cause of low detection of this species.
It is worth noting that the Białowieża's stand with B. viridis described by Szczepaniuk and Kucharzyk (2016) , was located in the managed forests, whereas B. viridis site described in this paper was situated in the stand in the advanced stage of partial breakdown, where the conditions for the development of this moss species seemed worse when compared to some managed forests. Cieśliński et al. (1991) consider B. viridis as the relic of primeval forest. the site described in the present study, was found in the area intensively managed in the past, and the main form of exploitation was not tree cutting, but livestock grazing (Czerwiński 1968; Sokołowski 1996) . Finding B. viridis sites in forests as such provokes reflection on whether tree stands with B. viridis should inevitably be excluded from economic and tourist use, as proposed by Stebel (2004) and Vončina (2012) , and corresponding to the views expressed by the above-mentioned authors, and many others, such as Zarzecki (2012) and Szczepaniuk and Kucharzyk (2016) . Hajek (2010) referred to the positive impact of forest management on B. viridis population -in the form of microhabitat supply (that is, stumps) and the reduction of competition through substrate shattering. unquestionably, there is no doubt that forest management in the areas of B. viridis occurrence should be constrained in order to ensure the appropriate tree stand structure and continuity of deadwood existence, both in spatial and temporal perspective. The presented results suggest that broadly understood forest management, consisting not only of cutting down trees, could be a tool for active protection of B. viridis. however, the protection to be effective, it has to be based on sound knowledge; thus, further research on the ecology of this species is necessary.
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